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?BE?kRAJI10ll OF ACETIC ANHYDMPE 
This invention relates to a process for the 
preparation of acetic anhydride. More specifically, this 
invention relates to a liquid phase process for preparing 
acetic anhydride by carbonylating methyl acetate in the 
presence of hydrogen and a catalytic coobination of rhodium, an 
iodine compound and lithium. 

It is known that acetic anhydride, a very useful 
industrial chemical, can be prepared by the carbonylation of 
methyl acetate. It is also known that the formation of an 
undesirable by-product., often called "tar" or "soot" is 
virtually unavoidable in such a carbonylation reaction. 
Typically, this tar is formed in the preparation of acetic 

15 in the presence of rhodium and an iodine compound at elevated 
temperature and pressure wherein a feed mixture containing 
methyl acetate is continuously fed to a reaction zone. and a 
mixture containing acetic anhydride is continuously removed. 
In such a reaction system, tar formation can increase to the 

2 0 point where catalytic activity is greatly diminished and 

eventually results in termination of the carbonylation reaction. 

Available analytical data do not permit absolute 
identification of the af oresaentioned tar. Based on combined 
information of IK (Inf tared), H NMR (Hydrogen Nuclear Magnetic 

elemental analysis, certain aspects of the structure may be 
proposed; but the poor resolution in the H and C NiS spectra 
thwart hopes for absolute identification and are suggestive of 
a highly amorphous material. The C NME shows two major broad 
band absorptions of approximately equal intensity, one in the 
alkyl region (13-45 6 ) and the . other in the aromatic region 
(120-140 5 ). Tor the sssse. material, the H KMR shows almost 
no aromatic protons relative to the alkyl bands at -9-1.7 and 
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1.6-3-0 5- In combinatioa, these tvo spectra suggest a 
polyalkyated aromatic material substituted to the exclusion of 
aromatic protons* Additionally, the C ' NMR shovs some very 
minor- absorptions assignable to car bony 1 moieties, a feature 

5 • strongly suggested by the IR band at 1700 cm*""^. The IR also 
suggests carbon— oxygen (1180 cis ^) and oxygen— hydrogen , 
(36—3300 cm"^) bonds- The elesencal analysis sufascaaciates 
the expecratioiis o£ aromatic xinsacurarion shoving .60 
unsaturations per carbon and an empirical f orsula of 

10 C3^E4^04l^5- 

Unfortunately, tar f orsed in the carbonylacion of 

^aethyJ.^.aceta.te,.-.-as_pre.viously.Aes.cri 

reaction conditions, such as tesrperature and pressure are 
increased to obtain acceptable space-time yields of acetic 

15 anhydride. Space— time yield is the yield of desired product in 
a unit of time per unit volume of reaction space. It is 
conveniently expressed in terms of gram/ lit er / hour( s) * It is 
evident that a carbonylation process of the t3^e described 
herein, which would combine -high space-time yield of adetic 

20 anhydride, e.g- a space-time yield of 400 g./l./hr,i with 

suppression of tar* formation would represent a signi;ficant 
advance in the art • 
— — - ■ The- use of— catalytic combinations -or -sy stems - ■ 



comprising rhodium and an iodine compound in the preparation of 
25 acetic anhydride by the carbonylation of methyl acetate has 

been reported in the patent literature « See, for example , 

Belgian Patent No, 819,455, granted Harch 3, 1975 and Japanese 

Patent Publication Application 75-47922, published April 28,. 

1970. These publications disclose that the reaction rate can 
30 be increased if the catalytic combination contains a promoter • 

such as lithium- In such a p roc ess^ the lithium is generally 

add&d as lithium iodide or lithium acetate. 

For purposes of this invention, it is significant to 

note that neither Belgian Patent No* 819,455 nor Japanese 

35 
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Published Patent Application 75-47922 disclose including 
hydrogen gas in the carbonylation reaction, 

U,S. Patent 4,046,807, issued. September 6, 1977 
discloses that tar formation can be suppressed by the inclusion 

5 of hydrogen in the gas fed to a carbonylation reactor for 

preparing acetic anhydride from methyl acetate using a 
rhodium-containing catalyst with a triphenyl phosphine 
promoter. There is no disclosure in the patent of using a 
lithium promoter. Also, Example 13 of the patent clearly 

10 indicates that the use of hydrogen gas, as described therein, 
has a significant detrimental effect upon the yield of acetic 
anhydride. 

Published European Patent Application 0008396, 

15 aliphatic carboxylic acids vith heterocyclic quaternary 
ammonium compounds can be used to increase the catalytic 
activity of Group VII noble metal-iodine compound compositions 
in the carbonylation of ethyl acetate. This publication also 
discloses that up to 10 volume percent of hydrogen gas can be 

2 0 included in the feed gas stream- There is no disclosure of , 

using a lithium promoter in the catalyst system described or of 
using hydrogen gas in a critical concentration in a 
carbonylation process to both suppress tar formation and 
increase _the yield of a-ci^^ic: . _ 

2 5 This invention provides a liquid phase process for 

preparing acetic anhydride by carbonylating methyl .acetate by 
continuously introducing carbon monoxide, gas , hydrogen gas and 
liquid methyl acetate into a reaction zone containing a rhodium 
containing catalytic combination to thereby form acetic 

3 0 anhydride, and continuously withdrawing acetic anhydride from 

the zone, characterized in that the amount of hydrogen 
continuously introduced . into the zone is 2-7 volume percent, 
based on carbon monoxide and hydrogen gases, and said catalytic 
combination comprises rhodium, an iodine compound and lithium- 

35 
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Ic has been discovered chat the use of 2-7 volmae 
percent hydrogen^ together vith the catalytic combination of 
rhodium an iodine compound and iithiaa, as described herein, 
suppresses car forsiacion and also significantly increases the 
5 reaction rate both in terms of methyl acetate conversion and 

acetic anhydride production. 

The. role of hydrogen in this process is not completely 
understood but it has been examined by infrared spectroscopic 
monitoring ox an ongoing reaction- A batch autoclave coupled 
10 with a high— temperature, high-pressure infrared cell, was used 

to observe the rhodium complexes present during the reaction. 
In~-the~-absence - of ~.hydr.ogen-..f eed.~the-.-major__rJiodi^ 



solution at IJS^'C, and 800 psig (5616 k?a) is 

trans-Bii(CO)_I as evidenced by the metal carbonyl 

^ -1 

15 absorption at 2090 cm - The pressures indicated in kPa 

herein are absolute pressures rather than gauge pressures*) A 

smaller-, amount, of cis- 5ii(CQ)^li^ is also present under 

these conditions as indicated by the absorptions at 2056 and 
-1 

1983 cm for the carbonyis bonded to rhodium. The addition 
20" of hydrogen to the reaction at 175**C^ and 800 psig C5616 kFa) 
resxolts in the rapid disappearance af the infrared absorption 
at 2090 cm for trans- S±i(CO) ^I^Q. At che same time, 

the-absorptions-for •cis- Rh(G0-)-jl^- at-2^ 

—1 ' - 

cm dramatically increase in intensity. The observed 

2 5 - transformation of trans— ah( CO ) ^1 ^ to 

cis— Rh( CO ) 2^ also accompanied by a substantial 

increase in the rate of formation of acetic anhydride. On the 
basis of Che infrared spectroscopic measurements it appears 
that the addition of hydrogen in the process of this invention 

3 0 increases the concentration of active catalyst , 

cis-RhCCO)^ljS). 

In practicing this in-^ention, che minimum amount of 
hydrogen that gives a significant effect is 2 volume percent 
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based on the total carbon monoxide and hydrogen introduced to 
the reaction zone. The use of greater than 7 volume percent 
hydrogen does not significantly improve either the suppression 
of tar formation or the rate of acetic anhydride formation - 

5 , The preferred amount of hydrogen used in practicing this 

invention is 3 to 6 percent, based on total, amount of hydrogen 
and carbon monoxide fed to the carbonylation reaction zone. 

In a typical practice of the process, the feed to the 
carbonylation reactor is such as to maintain within the 

10 reaction mixture (1) 230 to 1300 ppm, preferably 500 to 1000 
ppm, Rh, (2) 175 to 5000 ppm, preferably 1500 to 3700 ppm, 
lithium and (3) 7 to 35 weight percent methyl iodide. The 
remainder of the reactor contents is mostly methyl acetate 

15 by-products such as ethylidene diacetate and acetone. The 

reactor feed oprionally may contain a solvent such as acetic 
acid, e.g. in an amount that will maintain 5 to 40 weight 
percent in the reaction mixture. Wben reaction product is 
withdrawn in liquid form, the catalyst components, i-e. the 

2 0 rhodium, lithium and iodine as met-hyl iodide, are recovered 
from the reactor effluent and are recycled.. When necessary, 
fresh rhodium, as rhodium chloride, rhodium acetate or other 
rhodium containing compound, and lithium, as lithium hydroxide, 
lithium iodide, lithium acetate or other lithium-conraining 



2 5 compound are added to the catalyst recycle. The fresh rhodium 

and lithium can be conveniently added as a solution in acetic 
acid. When the iodine needs to be supplemented it may be added 
to the system as iodine (I2) , as methyl iodide or, at least 
in part, as lithium iodide. When reaction product is withdrawn 

3 0 in liquid form, all or essentially all of the rhodium and 

lithium catalyst components remain in the reactor and, the risk 
of their depletion fro- the process is rediaced considerably. 

The methyl acetate fed to the reactor consists 
primarily of fresh. methyl acetate, which should be essentially 

35 
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anhydrous, and some recycled material* The feed may also 
contain recycled acetic anhydride although ic is aCTrancageous 
to add methanol to any recycled anhydride to convert the latter 
to methyl acetate feedstock* 

The process may be carried out at elevated 
temperatures and pressures in the range of 160 to 220^0* and 
300 to 1200 psig. (2170 to 8375 k?a) . The particular 
temperarure and pressure employed depends on a number of 
factors such as the amounts of the three catalysts components 
that are used, by-product formation, the design of the process 
system and the space-time yield desired. 

— -Ther ia^ea^on-~i&-"~f^j.rt-her-"illus trat ed~~^)y"^t'he— f-o llowing. 

examples • 
Example 1 

The reactor consisted of a lower section of five feet, 
five inches (1-65 m. ) of two— inch (5 cm-) diameter pipe, a 
middle section of six feet, one inch C^*^ ™) <3f one-inch (2«54 
cm*) diameter pipe and six £eet (1*82 m. ) of one— hair inch 
(1.27 cm) diameter pipe* Total reactor volume was 4,95 
liters.. A. gas mixture of carbon monoxide and 5 voliEse percent 
hydrogen was fed to the reactor through a gas sparger at the 
bottom of the reactor. ^Through a reactor feed line, located 
above~the---spargery'-wa^'~f-ed--a"--mixt^^^ 

acetic acid, acetic anhydride, methyl iodide, lithius. and 
rhodium at aa average rate of about 12, 600 grams /hour. The 
reactor contents overflowed from the top of the reac-or to a 
separator where some of the unz'eacted carbon monoxide and other 
gases were separated from the liquid and purged from the 
system, the. liquid from the separator passed through a valve 
which reduced the pressure from about 750 psig- (5273 k?a) .to 
10-20 psig (170-340 kPa) . The liquid passed through a flash 
evaporator, wherein 80-90Z of the material was vaporized and 
entered an evaporator separator (about 1 psig) (108 kPa) 
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wherein the vapor and liquid were separated. The liquid was ^ 
mainly acetic acid and acetic anhydride in which the rhodium 
and lithium catalyst components were dissolved along with minor 
acoants of methyl iodide and methyl acetate. It was recycled , 
to the reactor. The vapors from the evaporator separator were 
fed to a column in which the temperature was maintained at 
about 140*C. at the base and about lOO'C. at the top. Crude 
acetic anhydride suitable for further refining was removed from 
the lower portion of the column- The lower boiling components 
(methyl acetate, methyl iodide and some acetic acid) were taken 
overhead and fed to .a tank to which nakeup methyl acetate was 
also fed. The contents of the tank were continuously fed to 
-..trne„,xe.2Lct,or_^,f^^^ 
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Using the above-described system, acetic anhydride was 
produced by the carbonylation of methyl acetate at about ISCC. 
and 750 psig (5273 kPa) . Over the coiirse of 80 hours of 
continuous operation samples of the liqxrLd from the separator 
and the reactor feed periodically were analyzed and the 
conversion of metiiyl acetate (methyl acetate fed minus methyl 
acetate in the separator liquid divided by methyl acetate fed) 
and the acetic anhydride space-time yield (STY, in 
grams/liter/hours) were determined.. The data thus accumulated 
is shown in Table I. The hydrogen in the gas feed was stopped 

..„at...ho\ir_..2.43.„and.„was„.xesimeA...^^ 

conversion and space-time yield data in Table I, there was no 
significant tar formation during the period of time when 
hydrogen gas was fed to the reactor. 

The data of Table I show that discontinuing the 
hydrogen feed to the carbonylation reactor has a substantial 
detrimental effect on production rate, i-e. space-time yield. 
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Exanrple 2 

Four runs in which varying amounts of hydrogen were 
fed to the carbonylation reactor were carried out in the 
aoparatus described in Example 1. except that the reactor 
consisted of the five feet, six inches, (1.7 ».) of pipe having 
a volume of 3.5 liters. The temperature was about 130' C. , the 
pressure about 750 psig (5273 kPa) and the feed rare about 
12 600 grams/hour over the course of each run. In Table II are 
set forth average values for each run. the composition of the 
feed stream (weight percent), the rhodium and lithium (ppm) 
present in the system, the amount of hydrogen (H.^) fed 
(volume percent of the total gas fed), the acetic anhydride 
space-time yield (STY; grams/liter/hour) and the weight ratxo 

~^~eTh7liT^i^di^i^^i-Sn:lBX)--t^^^ 

nroduced. The duration of the first run was 64 hours, the 
"second 65.5 hours, the third 73 hours and the fourth 34 hours. 

m Runs 1-3, high space- tine yields were obtained 
although the higher concentrations of hydrogen resulted in the 
formation of significant amounts of ethylidenediacetate. Also, 
• in these runs, the tar formation was minimal and could be 
easily handled. In Run 4. essentially no ethylidenediacetate 
was formed but the space-time yield of acetic anhydride was 
decreased considerably by the use of only 1.2 volume percent 
hydrogen in the gas feed (less than the amount of hydrogen 



25 required by this invention). 
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Examplg 3 

Seven runs vers carried out in a L-83 liter autoclave 
fitted with Hastellov B-2 baffles, Hixing was provided by a 
magnetic stirring bar operated at about 630 rpn. To permit 
obtaining lio.uid samples of the reaction mixture under the 
reaction conditions, the autoclave was equipped with a 
Hastellov B-2 dip tube having the necessary valve system to 
permit safe removal of liquid under pressure. The teaperature 
of the reaction mixture was monitored by an iron constantan - 
thermocouple placed in a themowell immersed in the liquid. 
Constant pressure was maintained throughout each run. The 
solid catalyst components and the liquid reactants were placed - 
in the autoclave.. After sealing and pressure testing, the 
7mixturel?ar"'^^ 



15 psig (790 kPa) with stirring followed by slowly venting to 
atmospheric pressure. After a second p res surizatiott- vent 
cycle, the autoclave was pressurized to 10 psig (170 kPa) with 
the reactant gas and then heated to the desired temperature. 
An aliquot of the reaction mixture taken at this point was used 

20 ' "as a zero time sample. Immediately following 'the initial 

sampling, the autoclave was pressurized to the desired value 
with the reactant gas. The course of the reaction was followed 
by removing aliquots of the reaction mixture at 30 m±nute 
intervals while maintaining reaction conditions. To ensure 

2 5 representative sampling, the second of two^5-mr an"quo'£s'^^^^ 

at the specified sampling time was used to obtain analytical 
data. 

The aliquot samples were cooled and analyzed directly 
by gas chromatography using butyronitrile as an internal 
standard. Data for each sample was obtained in terms of 
•milligrams of component per gram of solution* Based on the 
assumption that the weight increa.se of the reaction fixture 
during the run was due only to the weight of carbon. aonoxide 
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1 

ro produce acecic- anhydride (Ac^O) the followlns formula 
TOS used to calculace rhe total moles of acetic anhydride 
present at the sa&pling tiae- . 



w 

o 



1 -il-T 
^ 102 ACjO J 



T. 

Ac^n 
102 



10 



W » lnlti»l wel?>it of reaction TBlxtnre 

T - Ac O _3 

Ac-,0 ; z ^ 10 

2 jpn Solution 



Suns 1 and 2 ^ere carried out at l75'C. and 650 psig 

(^3918 kP a) nsing (1) a g as feed of carbon mon oxide w ithout 

• hydrogen and carbon monoxide containing 5 -i^liSSTferceiit 
hydrogen and (2) the following materials: 
15 RhCl^.xH^O ^-^^ S- 

Lil 33.85 g. 

Acetic Acid 220.50 g. 

Methyl Acetate 676.30 g. 



20 



Runs 3 and 4 were conducted at 190"C. and 1000 psig., 
(6996 kPa) with and without hydrogen in the carbon monoxide 
feed using the following materials: 



ahC l^. xE^ O 0-^^ 8- 



Lil- 25.39 g. 

25 Acetic Acid 220.50 g. 

Methyl Acetate 676-50 g. 

ca3i 130-20 g. 



In each of Runs 5, 6 and 7, 0, 5 and 10 volume percent 
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hydrogen respectively , ^vere present in the ^arbon monoxide fed 
to the autoclave. These runs vere carried out at ZOO^C- and 
1000 psig (6996 5cPa) using the folloving materials: 

RhCl^.xB^O g. 

Lil 12.30 g. 

Acetic Acid 220.50 g. 

Methyl Acetate 676.50 g. 

CH3I 130.20 g. 

The results, shown in 
Table III, obtained from Runs 1-7 show that the inclusion of 
hydrogen in the carbon monoxide usd to carbonylate methyl 
acetate substantially increased the rate at which acetic 
anhydride was formed. Runs 6 and 7 further show that the use 
of"io"-TOi™e^^ 

increase the rate over that observed when 5 volume percent 
hydrogen was used. Ko significant quantities of tar were 
formed in runs 1-7, made according to the practice of this 
invencian. 
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A 300 cc autoclave was fitted with a dip tube and the 
necessary valve System to penait safe removal of liquid under 
pressure as in Example 3. The following were charged to the 

5 autoclave; RhCl^.xH^O, 0.95 g; Lxl, 13.0 g; CH^I, 6.10 

g; acetic acid, 40.0 g; methyl acetate 144.0 g. The autoclave 
was sealed, pressure zesz&d^ and flushed with carbon monoxide 
as in Example 3, The autoclave was pressurized to 10 psig (170 
kPa) with carbon monoxide and heated to 175 "C, After 

j_0 pressurizing to 800 psig (5617 k?a) with carbon monoxide, 
samples are taken at 20 minute intervals. Immediately 
following the sampling at 120 minutes, the autoclave pressure 
was raised from 800 psig (5617 JtPa) to 1,000 psig (6996 kPa) by 



15 



20 



the addition of hydrogen. 

The total pressure was then allowed to -drop to 800 
psig (5617 kPa) before additional carbon monoxide was added to 
maintain 800 psig (5617 kPa) total pressure. The results, set 
forth in Table IV, show that the addition of substantially 
increased the rate of production of acetic anhydride (Ac^O)- 
In addition, no significant quantity of tar was formed over the 
course of the rea.ct.ion. 
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Table 

20 

40 

60 

80 
100 
120* 
140 
160 
180 

200 



Ac^O (Holes ) 

0,06 

0.08 

0-13 

0.19 

0.26 

0.31 

0.53 

0.76 - 

0.97 
1.-.12 



220 ,1.25 
*^-2, ^^^^^ icnaediately after saaple was taken. 
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Claims : 

I. A liquid ph^se process for carbonylating cethyl 
acetate to Vorm acetic anhydride vhich process comprises, 

a) continuously introducing into a reaction zone, 
carbon monoxide gas, hydrogen gas in an amount of 2—7 volume 
percent, based on carbon monoxide and hydrogen gases, and 
liquid methyl acetate, 

b) .carbonylating methyl acetate within the zone in 
the presence of rhodium, and iodine compound and lithium to 
thereby form acetic anhydride within the zone, and^ > 

c) - continuously withdrawing acetic anhydride from the 
reaction zone. 
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